Eur palsches Patentamt 
European Patent Office 
Office europ en' desbrev ts 




(12) 



(43) Date f publication: 

02.01.2003 Bulletin 2003/01 



(H) EP 1 271 208 A1 

EUROPEAN PATENT APPLICATION 

(51) into 7: G02B 6/38 



(21) Application number: 02250807.1 

(22) Date of filing: 06.02.2002 



(84) Designated Contracting States- 

SX CH ° Y ° E ° K ES FI FR GB GR IE T U LU 
MCNLPTSETR 

Designated Extension States- 

ALLTLVMKROS* 

(30) Priority: 21.06.2001 US 886767 

(71) Applicant: LUCENT TECHNOLOGIES INC. 
Murray Hill, New Jersey 07974-0636 (US) 

(72) Inventors: 
• Basavanhally, Nagesh R. 

Sklllman, New Jersey 08558 (US) 



• Scottl, Ronald E. 

Whltehouse Station, New Jersey 08889 fUS) 

• Weld, John D. 1 ' 
Ledgewood, New Jersey 07852 (US) 

(74) Representative: 

Buckley, Christopher Simon Thlrsk et al 

Lucent Technologies Inc., 

5 Mornington Road 

Woodford Green, Essex IG8 OTU (GB) 



< 

CO 

o 

CM 
CM 



(57 A fiber array faceplate (100) for receiving, pre- 

Mn e i y TK Sl ! i0nin9 and immobin * n 9 bare optical fiber 
(101) .The faceplate includes a plate arrangement of at 
leasttwo mutually parallel plates (106, 108) each having 
an array of fixed apertures (110). At least one of the 
P ates is movable in translation^ motion such that the 
at east two plates collectively define an array of adjust- 
able-size apertures that can open wide enough to read- 
•ly receive bare optical fiber (101 ) and then decrease in 
size to immobilize the received optical fiber. 
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D scrlptlon 

Fl id fth Inventl n 



[0001] The present invention relates to fiber optics. 
Mor particularly, the present invention relates to an ar- 
ticle for aligning and fixing an array of optical fibers in a 
precise position. 

Background of the Invention 

[0002] The Internet and emerging information servic- 
es such as video-on-demand, high-definition television 
(HDTV) and video conferencing are creating a demand 
for high bandwidth ("broadband") digital networking. 
Networks that incorporate optical fiber have the poten- 
tial to provide the high bandwidth and data rates needed 
for broadband digital networking. In most such net- 
works, the optical signals are, however, switched at low- 
er bandwidths via electronic switching fabrics that con- 
vert the optical signals to electrical signals and, after 
switching, reconvert the electrical signals to the optical 
domain for continued transmission. 
[0003] An optical switching fabric that does not con- 
vert optical signals to electrical signals and so maintains 
optical signal bandwidth for high-speed switching has 
recently been developed. See, e.g., Bishop et al, "The 
Rise of Optical Switching," Scientific American, pp. 
88-94, January 2001 . This optical switching fabric uses 
free-space optics to direct an optical signal from one fib- 
er to another using MEMS-based micro-mirrors. To ac- 
commodate the large number of optical signals typically 
carried through a telecommunications network, the 
switch fabric includes two sets of large fiber arrays (input 
and output) and an array of micro-mirrors. 
[0004] To provide tow-loss free-space optical switch- 
ing between input and output fiber arrays, high position- 
al and angular tolerances are required in the fiber array. 
In particular, for single-mode optical fiber as is typically 
used in optical communication networks (core: 6-9 mi- 
crons in diameter; cladding: 125 microns in diameter), 
positional tolerances of less than ± 2 microns from true 
position and angular tolerances of less than 0.5 degrees 
are required for each fiber in the fiber arrays. 
[0005] To achieve these tolerances, fiber arrays typi- 
cally incorporate a flat faceplate with a precisely posi- 
tioned array of holes. Each of the holes receives a fiber 
and defines its position. The diameter of the holes must 
be no greater than about 1 26 microns to provide precise 
alignment forafiber having a 125 micron-diameter clad- 
ding. As a consequence of the need to Insert optical fiber 
into holes that are only marginally larger than the fiber 
cladding itself, a high-precision assembly process is re- 
quired. 

[0006] A need ther fore exists for a device that is ca- 
pable of providing precise spatial and angular position- 
ing for an array f optical fibers while receiving such fib- 
ers by a relatively tow-precision process. 



Summar y of the Inv ntlon 

[0007] This need is met, in accordance with th prin- 
ciples of the invention, by a fiber array coupler having a 
5 frame and a plate arrangement mad up of at least two 
parallel plates. At least one of the plates is movable with- 
in the frame. 

[0008] Each of the plates includes an array of fixed 
size apertures. The apertures can have any one of a 

10 variety of shapes, although apertures that have a shape 
that tapers linearly from a relatively larger region to a 
relatively smaller region, such as a triangle, teardrop, 
etc., are advantageously used. The fixed apertures in * 
the two or more plates align to define an array of adjust- 

is able-size apertures. The size of the adjustable-size ap- 
erture is changed by moving the movable plate, which 
contracts or expands the opening. 
[0009] In some variations, a fiber array coupler has 
two plates, each having teardrop-shape apertures. The 

20 plates have a 180-degree in-plane rotation relative to 
one another. In one configuration, the relatively larger 
sections of the teardrop shape of paired apertures align, 
Le. % are concentric, to define a maximum size opening 
that is suitable for receiving bare optical fiber, i.e., fiber 

25 stripped of any jacketing, efc. In another configuration, 
which is obtained by moving at least one of the plates, 
the relatively smaller sections of the teardrop shape of 
paired apertures align to define a minimum size opening 
that is suitable for immobilizing the bare optical fiber. 

30 [0010] In some other embodiments described herein, 
the apertures on each plate in the plate arrangement 
can have a different shape. In still other embodiments, 
the number of apertures on each plate in the plate ar- 
rangement can be different. 

35 

Brief Description of the Drawings 



[0011] 

40 FIG. 1 depicts a fiber array faceplate having a frame 
and a plate arrangement of two plates, each plate 
comprising an array of apertures. In FIG. 1 , the ap- 
ertures in the two plates align in a configuration that 
is suitable for receiving a plurality of optical fibers, 
45 in accordance with the principles of the invention. 
FIG. 2 depicts detail of a teardrop-shape aperture. 
RG. 3 depicts the two plates of FIGS. 1 and 2 with- 
out the frame and spaced from one another to show 
their relative orientation when receiving optical fib- 
so ers. 

FIG. 4 depicts a front-view of the two plates shown 
in FIG. 3. 

FIGS. 5A - 5E depict the translation of one of the 
two plates to change the alignment of the apertures 
55 from an alignment suitable for receiving optical fib- 
ers (FIG. 5A) to an alignment suitable for immobi- 
lizing the plurality of optical fibers in a precise spatial 
position (FIG. 5E). 
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FIG. 6 depicts a fiber array faceplate having a frame 
and a plate arrangement of three plates, each plate 
comprising an array of apertures. In FIG. 6 th ap- 
ertures in the plates align in a configuration that is 
suitable for immobilizing a plurality of ptical fibers s 
FIG. 7 depicts a side view of the three plates of FIG." 
6. 

FIGS. 8A-8C depict a plate arrangement having two 
Plates, each of the plates having triangular-shape 
apertures as a first alternative to teardrop-shape w 
apertures. The Figures depict the translation of one 
of the plates to change the alignment of the aper- 
tures from an alignment suitable for receiving opti- 
cal fibers (FIG. 8A) to an alignment suitable for im- 

(F?G Be? ° P,iCal fib6rS 3 PrBCiSe SPaMa ' P 08 * 0 " ' 5 

FIGS.9A-9Cdepictaplatearrangement having two 
plates, each of the plates having rhomboid-shape 
apertures as a second alternative to teardrop- 
shape apertures. The Figures depict the translation zo 
of one of the plates to change the alignment of the 
apertures from an alignment suitable for receivino 
optical fibers (FIG. 9A) to an alignment suitable for 

Z(F^ 9?) 0PtiCa ' fibCrS 3 PreC ' Se SPatia ' P ° SN 

£o S n, T*""! 0 d6piCt 3 P ' ate a " an 9ement having 
two plates, wherem the shape of the apertures in 
one of the plates is different than the shape of the 
apertures in the other of the plates. The Figuresde- 
pict the translation of one of the plates to change so 

«l^T nt ° f apertUreS ,rom an ^ent 
suitable for receiving optical fibers (FIG. 10A) to an 

alignment suitable for immobilizing optical fibere in 

a precise spatial position (FIG IOC) 

^!; a !! A ' 11 H B 3 P ' a,e arran 9ement having 3 5 
two plates, wherein the shape and number of the 
apertures in one of the plates is different than the 
shape and number of the apertures in the other of 
the Plates. The Figures depict the translation of one 
of the plates to change the alignment of the aper- 40 
tures from an alignment suitable for receiving opti- 
cal fibers (FIG. 1 1 A) to an alignment suitable for im- 
mobilizing optical fibers in a precise spatial position 

th'SJf " 12 ° ^ 3 Pl3te arra "9ement having « 
three plates, each plate having apertures. The Fig- 
ures depict the translation of two of the plates to 
change the alignment of the apertures from an 
ahgnment suitable for receiving optical fibers (FIG. 
12A) to an alignment suitable for immobilizing opti- 50 
cal fibers in a precise spatial position (FIG 12C) 

a „H i deP,Cte 3 Pl3te havi "9 a tiered surface 
and a fiber end having an angled polish 
FIG. 14 depicts an alternate implementation of a 
Plate having a tapered surface and a fiber end hav- 55 
Ing an angled polish. 



Detailed D scrinti „ 



[0012J FIG. 1 depicts fiber array faceplate 100 in ac 
cordance with the principlesof the invention. Fiber arrav 

T« ZT ^ fr3me 102 3nd 3 P' ate a " a "9e 
ment that, In the embodiment depicted in FIG 1 l n 

eludes two plates; front plate 106 and back plate 108 
interrelated as shown. ^ 
t0013] Frame 102 is sized to receive plates 106 and 
108. Frame 102 advantageously has pins 104 that co- 
operate with slots 112 in plates 106 and 108. The illus- 
trated slot-pin arrangement allows plates 106 and 108 
to • slide or move a distance equal to the length of slots 
112 wh.le maintaining engagement with frame 102 The 
stat-p,n arrangement also aids in restricting the move- 
ment of plates 106 and 108 to translation only, i.e., no 
rotational motion. An alternative to the slot-pin arrange- 
ment depicted in FIG. 1 that achieves the same end / 
e translational motion only, includes a frame that has 

Ind n« a TH "!l e,S ( " 0t Sh ° Wn) f0r receivi "9 P'ates 106 
and 108. The channels restrict movement of the plates 

elsToi S, " 9 ' e 3X13 th3t ' S orthoflonal t0 bare 0 P«cal fib- 
[0014] First plate 106 and second plate 108 each 
have an array of apertures 110. FIG. 1 shows each ap- 
erture 110 receiving a single bare optical fiber 101. For 
the purposes of this specification, the term "bare opti- 
cal fiber means the fiber core and surrounding clad- 
ding sapped of any additional buffering materia? coat- 
ing, jacketing, efc. 

[0015J Each aperture 110 has a fixed (i.e., unchang- 

2 "«? V* f. h3Pe - F ° r the purposes of this s P«tfica- 
ten the term "aperture" means an opening, etc., hav- 
ing a teed size and shape, unless the term 'aperture- 
is otherwise modified. In FIG. 1, apertures 110 have a 
■teardrop shape. As described and illustrated later in 
this specification, apertures 110 can have many other 
shapes as well. 1 

10016] FIG.2depictsdetailofaperture110ofFIG 1 
Aperture ,10 has first region 214 having a size thai is 
surtable for receiving bare optical fiber and second re- 

K opLS, a size is su,tab,e for immobi,i *"° 

[0017] In illustrative aperture 110 depicted in FIG 2 

of the teardrop." By way of illustration, not limitation 
the larger circular section can have a diameter of 500 
microns, which Isfourtimes the diameter of the claddinq 
of single mode fiber. Bare optical fiber can be received 

withoutunduedifficultybyasomewhatsmalleropenino 
e.g., 3x cladding diameter, etc. and, of course, by a lam- 
er opening, e.g., 6x cladding diameter. The factor of four 
is a compromise between apertures that are so large 
that the array of apertures becomes undesirably large 
and those that are so small that it becomes very difficult 
to pass a fiber through each apertur . Auxiliary pre-po- 
sitioning guides that pr -group fibers into (multi) | in ar 
arrays before insertion Into apertur s 110 can simplify 
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insertion and allow for a reducti ninsiz of first region 
214. Cons quently, leeway exists, even toward smaller 
diameters, as to the size of first region 214. For the pur- 
poses of this specification, th phrase "stz that Is suit- 
able f rrec Iving bare optical fiber" means an open- 
ing that is at least about 2.5x the cladding diamet r. 
[0018] In illustrative aperture 110 depicted in FIG. 2, 
second region 216 is the smaller circular section of the 
-teardrop." The smaller circular section advantageously 
has a diameter of 126 microns (when used in conjunc- 
tion with single-mode fiber), which Is barely larger than 
the cladding diameter and is suitable for substantially 
immobilizing bare optical fiber. For the purposes of this 
specification, the phrase "size that Is suitable for Im- 
mobilizing hare optical liber" means an opening that 
is no more than about 1 micron larger than the cladding 
diameter. Thus, for a fiber having a cladding diameter 
of 125 microns, the opening should be no more than 
about 126 microns in diameter. 
[0019] In accordance with the principles of the inven- 
tion, the fixed apertures in the two or more plates in the 
plate arrangement align to define array of adjustable- 
size apertures (see FIG. 4). Adjustable-size apertures 
that are defined by a plate arrangement having two 
plates, e.g., fiber array face plate 100 depicted in FIG. 
1, etc., are now described in conjunction with FIGS. 3, 
4 and 5A - 5E. 

[0020] FIG. 3 depicts plates 106 and 108 without 
frame 102 in an •exploded" perspective view so that the 
relative orientation of apertures 110 in the two plates is 
discernable. In FIG. 3, apertures 110 in "front" plate 106 
point upward, /.e., second region 216 pointing upward, 
while apertures 1 10 in "back" plate 108 point downward. 
In other words, the plates have a 180-degree, in-plane 
rotation relative to one another. 
[0021] In the configuration depicted in FIG. 3, the larg- 
er circular section, i.e., region 214, of each aperture 110 
in plate 106 is superposed or concentric with the larger 
circular section of each aperture 110 in plate 108. This 
is advantageously accomplished by translating plate 
106 upward relative to plate 108. In this configuration, 
the adjustable-size apertures formed by paired aper- 
tures 1 10 in plates 106 and 108 have an opening that is 
equal to the diameter of the larger circular section of the 
"teardrop" (in the illustration — 500 microns). In this 
configuration, the adjustable-size apertures have their 
maximum size, which is suitable for receiving bare op- 
tical fiber: 

[0022] Adjustable-size apertures 418 formed by 
paired apertures 110 are perhaps more readily visual- 
ized in the illustration shown in FIG. 4, which depicts a 
front view of the plate arrangement shown in FIG. 3. 
Plate 106, which is the "front" plate in FIG. 4, is "higher" 
than plate 108. The alignment of the larger circular sec- 
tions of paired apertures 110 manifests as the relatively 
larg r circles or openings 420. Opening 420 is the size 
of adjustable-size aperture 418 in this configuration. 
[0023] If the smaller circular secti ns (second region 



216) of apertur s 110 in th two plates were aligned, 
th nadjustable-sizeapertures418wouldhaveanop n- 
ing that is equal to the diameter of the smaller circular 
section of the "teardrop" (in the illustration - 126 mi- 
5 crons). In this configuratl n, the adjustable-size aper- 
tures have their minimum size, which is suitable for im- 
mobilizing bare ptical fiber that has been ins rted 
through apertures 110. This.conf.gu ration is obtained by 
simply translating plate 106 downward (relative to its po- 
w sition in FIGS. 3 and 4). This translation, wherein the 
opening of an adjustable-size aperture is changed from 
a maximum size (as is suitable for receiving bare optical 
fiber) to a minimum size (as is suitable for immobilizing 
bare optical fiber), is depicted via a progression of illus- 
15 tratlons in FIGS. 5A-5E. 

[0024] FIG. 5A depicts the configuration shown in 
FIGS 3 and 4. That is, plate 106 is positioned "in front" 
of plate 108, apertures 110 in plate 106 point upward, 
plate 108 has a 1 80<Jegree in-plane rotation relative to 
20 plate 106, plate 106 Is "higher" than plate 108 and the 
larger circular sections of paired apertures 110 align. 
For clarity, only a single adjustable-size aperture 418 is 
shown. In FIG. 5A, adjustable-size aperture 418 has a 
maximum size, represented by opening 420, which is 
25 suitable for receiving bare optical fiber 1 01 . 

[0025] FIG. 5B depicts the plate arrangement of FIG. 
5A after plate 106 has been translated downward a 
small amount. Adjustable-size aperture 418 now has a 
somewhat smaller opening, although bare optical fiber 
so 101 can still be readily inserted through the paired ap- 
ertures. In FIG. 5C. plate 106 is translated downward 
again, further decreasing the size of the opening in ad- 
justable-size aperture 418. Inserting bare optical fiber 
101 in this configuration would be problematic. 
35 [0026] FIG. 5D shows the plate arrangement of FIG. 
5C after further downward translation. And FIG. 5E de- 
picts a configuration wherein the smaller circular sec- 
tions (second region 216) of apertures 110 in the plate 
arrangement align such that adjustable-sizeaperture 
40 418 has its minimum size, represented by opening 522, 
which is suitable for Immobilizing bare optical fiber 101 . 
Once immobilized, bare optical f ibers 101 are advanta- 
geously secured to plates 106 and 108, such as by using 
an adhesive, e.g., epoxy, eta 
45 [0027] In addition to the functions of receding and im- 
mobilizing bare optical fiber, apertures 110 are advan- 
tageously capable of precisely positioning bare optical 
fiber in a predetermined location. In other words, as at 
least one of the plates in the plate arrangement is trans- 
so lated to collapse the adjustable openings, Le., adjusta- 
ble-size apertures 418, the bare optical ftoer is advan- 
tageously urged to a specific location before it is immo- 
bilized. Teardrop shape apertures 1 10 depicted In FIGS. 
1-5 that have a large section, Le. t region 214, tapering 
55 linearly to a small section, region 216, are well suit- 
ed to that end. As described later in this specification in 
conjunct! n with FIGS. 8-12, many other shapes are 
suitable for that purpose as w II. 
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[0028] The plate arrangements described thus far 
have included two plates. Le., plate 106 and plate 108. 
In an alternative embodiment in accordance with the il- 
lustrativeemb rfimentof the present invention, the plate 
arrangement includes three plates, as depicted in FIGS. 
6 and 7. 

[0029] .FIG. 6 depicts frame 102 receiving three 
plates. In the embodiment depicted in FIG. 6. the addi- 
tional plate, plate 624, is located in "back." such that 
plate 108 is sandwiched between "front" plate 106 and 
back plate 624. One bare optical fiber 101 is received 
by each triplet of (fixed) apertures that define an adjust- 
able-size aperture. For the plate arrangement depicted 
in FIG. 6. third plate 624 is advantageously oriented in 
the same direction as front plate 106, i.e., teardrop point- 
ing downward. With this orientation, plate 108 is advan- 
tageously translated to alter the size of adjustable-size 
aperture 418. 

[0030]. For apertures 110 having a teardrop shape 
among other shapes), third plate 624 does not impact 
(either positively or negatively) the ability of adjustable- 
size apertures 418 to receive or spatially locate bare op- 
heal fiber. But third plate 624 does aid in immobilizing 
received fiber and might improve the angular precision 
o the immobilized fiber as well. This function of the third 
plate is depicted in FIG. 7, which shows a cross-section- 
alside view of FIG. 6. In the configuration shown, where- 
in adjustable-size aperture 418 has its smallest opening 
second region 216, I.e., the smaller circular section, of 
each aperture 114 in plate 108 applies a pressure or 
force 726 that is directed downward against bare optical 
fiber 101, while plates 106 and 624 apply a force that is 
directed upward. The third plate provides a longer via 
or through-hole, additional "clamping" capability due to 
the applied force, and a decreased likelihood of deflect- 
ing the fiber away from a desired axis. 
[0031] As previously indicated, apertures 114 have a 
variety of shapes other than the teardrop shape are suit- 
able far the present purposes. A few such shapes are 
described below and depicted in FIGS. 8-12. For clarity 
of illustration, only a single adjustable-size aperture is 
deleted in each of FIGS. 8-10 and 12. It will be under- 
stand that the plate arrangements shown typically form 
an array of such adjustable-size apertures 418 
[0032J FIGS. 8A-8C depict several configurations of 
adjustable-size aperture 418 that is formed by a plate 
arrangement comprising two plates 106 and 108 each 
having a triangular-shape aperture 110. The plates have 
a 60-degree in-plane rotation relative to one another 
FIG. 8A depicts adjustable-size aperture 418 at Its max- 
imum size, which is suitable for receiving bare optical 
fiber. In FIG. 8B. plate 106 is translated downward 
somewhat decreasing the size of the opening in adjust- 
able-size aperture 418. FIG. 8C depicts adjustable-size 
aperture 418 at its minimum size, which is suitable for 
immobilizing bare optical fiber 

!S K, FIC f 9A " 9C d6pict Several ^"figurations of 
adjustable-size aperture 418 that is formed by a plate 



arrangement comprising two plates 106 and 108 each 
having a rhomboid-shape aperture 1 10. The plates have 
a 180-d gree in-plan rotation relative to one another 
FIG. 9A depicts adjustable-size ap rture 41 8 at Its max- 
5 imum size, which is suitable for receiving bar ptical 
fiber. In FIG. 9B, plat 106 is translated downward 
somewhat decreasing the size of the opening in adjust- 
able-size aperture 418. FIG. 9C depicts adjustable-size 
aperture 418 at its minimum size, which is suitable for 
immobilizing bare optical fiber. 
[0034] In FIGS. 1-9C. apertures 110 in each plate in 
the plate arrangement have the same shape. Plate ar- 
rangements in accordance with the illustrative embodi- 
ment of the present invention are not, however, so lim- 
« rted. For example. FIGS. 10A-10C depict several con- 
figurations of adjustable-size aperture 418 that is 
formed by a plate arrangement comprising two plates 
have different shape apertures. Specifically, one of the 
plates (plate 106 in the illustration) has a truncated rec- 
»> tangular-shapeapertureilOA and the other plate (plate 
108) has a rectangular-shape aperture 1 10B. FIG 1 0A 
depicts adjustable-size aperture 418 at its maximum 
size, which is suitable for receiving bare optical fiber. In 
FIG. 10B, plate 106 is translated downward somewhat 
» decreasing the size of theopening in adjustable-size ap- 
erture 418. FIG. IOC depicts adjustable-size aperture 
418 at Its minimum size, which is suitable for immobiliz- 
ing bare optical fiber. 

[0035] In FIGS. 1 -10C, there has been a one-to-one 
so correspondence between the number of apertures in 
each plate in the plate arrangement Such a one-to-one 
correspondence is not, however, required. For example. 
FIGS. 11 A and 11B, there are fewer apertures 110B in 
plate 108 than apertures 1 10A in plate 106 
& [0036J FIGS. 11A-11B depict adjustable-size aper- 
tures 418 that are formed by a plate arrangement com- 
prising two plates. One of the plates (plate 106 in the 
illustration) has square-shape apertures 11 OA. Aper- 
tures 1 1 0A have a 45-degree rotation relative to an edge 
*° of plate 1 06 such that a corner of each of apertures 1 10A 
point downward. The other of the plates (plate 108) has 
rectangular-shape apertures 110B that are fewer in 
number than apertures 110A. FIG. 11A depicts adjust- 
able-size aperture 418 at its maximum size, which is 
« suitable for receiving bare optical fiber. To obtain the 
configuration depicted in FIG. 1 1 B, plate 106 is translat- 
ed downward, such that adjustable-size aperture 418 
has Its minimum size, which is suitable for immobilizino 
bare optical fiber. 8 
» [0037] Fiber array faceplate 100 comprising a plate 
arrangement with three plates in accordance with the 
illustrative embodiment of the present invention has 
been described in conjunction with FIGS. 6 and 7 In 
that embodiment, the primary function of third plate 624 
55 was to aid In immobilizing bare optical fiber, not to posi- 
tion it But in som other variations of a plate arrange- 
ment having three plates, such as the variation depicted 
In FIGS. 12A-12C. ach of the three plates play a rol 



9 
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in defining th spatial location of th immobilized tjare 
optical fiber. 

[0038] In the plate arrangement depicted in FIGS. 
12A-12C, plates 106 (front), 108 (middle) and 624 
(back) have resp ctive square ap rtures 11 OA, 11 OB 
and 110C. For clarity of illustration, th ap rtures are 
depicted as having different sizes; In practice, they can 
be the same size or vary in size from plate to plate. From 
a fabrication standpoint, i.e., cost, efficiency, etc., it is 
desirable that the apertures have the same size. 
[0039] In the variation of the plate arrangement de- 
picted in FIGS. 12A-12C, plate 106 translates vertically, 
and plate 108 translates laterally FIG. 12A depicts ap- 
ertures 110A, 110B and 110C concentrically aligned 
such that adjustable-size aperture 41 8 has its maximum 
size, which is suitable for receiving bare optical fiber. 
FIG. 12B depicts a configuration in which plate 106 is 
translated downward thereby reducing the opening of 
adjustable-size orifice 418. FIG. 1 2C depicts a configu- 
ration wherein plate 108 is translated laterally, reducing 
adjustable-size orifice 418 to its minimum size, which is 
suitable for immobilizing bare optical fiber. 
[0040] It is understood that for the alternate embodi- 
ment of a plate arrangement that is depicted in FIGS. 
12A-12C, frame 102 is modified from the form depicted 
in FIG. 6 to allow for lateral translation. Such modifica- 
tion is within the capabilities of those skilled in the art 
and can be implemented in a variety of ways. 
[0041] Each adjustable-size aperture described here- 
in, as defined by various plate arrangements and fixed 
apertures shapesjs advantageously capable of receiv- 
ing bare optical fiber, precisely positioning the received 
fiber, and immobilizing the fiber in the desired position. 
It will be understood that, in accordance with the princi- 
ples of the invention, bare optical fiber is immobilized by 
contact with the rim, border, etc., of each of the two or 
more (fixed) apertures that define each adjustable-size 
aperture. More particularly, the apertures defining each 
adjustable-size aperture advantageously collectively 
provide at least three points of contact with the bare op- 
tical fiber to immobilize it. While the fiber can be epoxied 
to the apertures to facilitate permanent attachment after 
immobilization, contact with the rim of the apertures, 
without more, is sufficient for immobilization. It Is there- 
fore implicit that, in the phrase "size that Is suitable tor 
immobilizing bare optical fiber" (previously defined), 
bare optical fibe r is immobilized due to contact with the 
rim of the apertures and not by any other instrumentality, 
e.g., a clamp, etc., that could be used in conjunction with 
the apertures. 

[0042] In the various embodiments described herein , 
a variety of shapes are used to create immobilizing con- 
tact. When two plates are used, at least one of the plates 
includes an array of apertures that advantageously pro- 
vides two points of contact, the other of the plates having 
an array of apertures that provide at least one point of 
contact. When thre plat s ar used, the apertures from 
ach plat can hav a shape that provides only one 



point of contact. 

[0043] In application of the principles described here- 
in and illustrated in the accompanying Figures, those 
skilled in the art will be able to develop many other plate 

s arrangements having ther aperture shapes that are 
suitable f r use in conjunction with the illustrative em- 
bodiment of the pres nt invention. Consequently, those 
arrangements and shapes fall within the contemplated 
scope of the appended claims, 

10 [0044] As a consequence of an ability to position op- 
tical fibers with very high precision, the fiber array face- 
plates described herein are particularly advantageous 
for use with single mode fiber, which has stringent po- 
sitional and angular tolerances. Such single mode fiber 

1 s has a core having a diameter within the range of 6 to 9 
microns, and cladding having a diameter of 125 microns 
that surrounds the core. It should be understood, how- 
ever, that the illustrative fiber array faceplates described 
herein can be used with other types of optical fiber as 

20 well, e.g., graded-index fibers having a 50 to 85 micron 
core and a 125 micron cladding, step-index multimode 
fibers having a 100 micron core and a 140 micron clad- 
ding, efc. It will be appreciated that to the extent that the 
cladding diameter of such other types of fiber differs 

25 from 1 25 microns, modifications must be made to size- 
specific embodiments that are described herein. Such 
alterations are within the capabilities of those skilled in 
the art. 

[0045] Plates 106, 108 and 624 are preferably thin, e. 

30 g., about 0.5 millimeters, efc, and have flat surfaces. 
Materials suitable for use as the plates include, without 
limitation, silicon, metals, ceramic and plastics. Silicon 
is advantageously used as a consequence of: (1) its low 
coefficient of thermal expansion that is compatible with 

35 micro-lenses and micro-mirrors; (2) its amenability to 
precision photolithography and etching processes; and 
(3) polishing properties that are compatible with glass 
fiber. 

[0046] The array of apertures 1 1 0 in the plates can be 

40 formed in any of a variety of ways as a function of the 
material. Illustrative aperture-forming techniques in- 
clude deep reactive ton etching ("DRIE"), laser drilling 
and mechanical drilling, all well-known in the art DRIE, 
- which is advantageously used for forming apertures in 

45 silicon plates, is a plasma-etching process whereby ma- 
terial is removed (etched) by chemical reaction and ac- 
tive radicals. DRIE operates at a relatively low pressure 
(0.1 to 0.001 torr) and high electric field. 
[0047] Before inserting optical fiber through ape rtures 

so 110, it is advantageously stripped of any coating or jack- 
eting layer so that only the cladding and core remain, /. 
e., bare optical fiber. About 1 to 3 centimeters of fiber is 
stripped for insertion through apertures 110. 
[0048] In some fiber array faceplates in accordance 

55 with the principles of the invention, the surface of the 
-front" plate, e.g., plate 106 in the Figures, is angled and 
end 1330 of bare optical fiber 101 is polished to the 
sam angl , as depicted in tw different implementa- 
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ttons in FIGS. 13 and 14. The angled surface -reduces 
the amount of "return loss" or reflected lightthat couples 
back Into the optical fiber. 

[0049] In FIG. 1 3, front surface 1332 of plate 106 has 
a "saw tooth' profile. In FIG. 14, front surface 1434 of 
plate 106 has a linear variation or taper from t p t bot- 
tom. The taper can be formed photolithographically 
such as by using half-tone masks, or in accordance with 
the methods described In applicant's co-pending patent 
application entitled "Optical Fiber Arrays with Reduced 
Return Loss and Methods for Making Same," filed on 
August 3, 2000 serial no. 09/631 ,41 7, which is incorpo- 
rated by reference herein in Its entirety. 

Claims 



An article comprising: 

a plate arrangement comprising at least two 
mutually parallel plates, wherein: 

a plurality of apertures are defined in each 
of said parallel plates; 
said plurality of apertures in said parallel 
plates align to define a plurality of adjusta- 
ble-size apertures that are movable be- 
tween a first configuration and a second 
configuration; 

in said first configuration, said apertures in 
each of said parallel plates align such that 
said adjustable-size apertures have a si2e 
that is suitable for receiving bare optical fib- 
ers, one to each adjustable -size aperture; 
and 

in said second configuration, said aper- 
tures in each of said parallel plates align 
such that said adjustable-size apertures 
have a size that is suitable for immobilizing 
said received bare optical fibers. 
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15 



plate having a second array of apertur s; 

said first array has mor apertures than said 
second array; and 

said apertures in said second array engage 
. said bare optical fibers at one point of contact. 

5. The article of claim 2 wherein: 

apertures in said first array comprise a shape 
having a first region and a second region; 
said first region of said apertures has a size that 
is suitable for receiving bare optical fiber; 
and said second region of said apertures has a 
size that is suitable for immobilizing said re- 
ceived bare optical fibers. 



20 



6. 



7. 



25 



The article of claim 3 wherein said apertures in said 
first array and said apertures in said second array 
have the same shape. 

The article of claim 2 wherein said shape of said 
apertures in said first array is selected from the 
group consisting of: teardrop, triangle, rhomboid 
and polygon. 



30 



35 



40 



2. The article of claim 1 wherein: 

said plate arrangement comprises a first plate 
having a first array of apertures; and 
said apertures In sard first array have a shape 
that engages said received bare optical fibers 
at two or more points of contact. 

3. The article of claim 2 wherein : 

said plate arrangement comprises a second 
plate having a second array of apertures- and 
said first array and said second array have the 
same number of apertur s. 

4. The article of claim 2 wherein; 

said plate arrangement comprises a second 



8. The article of claim 5 wherein: 

said plate arrangement comprises a second 
plate having a second array of apertures; 
a shape of said apertures in said second array 
is the same as said shape of said apertures in 
said first array; 

a first aperture orientation is defined by a rela- 
tive position, in said first plate, of said first re- 
gion of said apertures to said second region of 
said apertures in said first array; 
a second aperture orientation is defined by a 
relative position, In said second plate, of said 
first region of said apertures to said second re 
gion of said apertures in said second array; and 
said second aperture orientation has a 1 80 de- 
gree in-plane rotation relative to said first orien- 
tation. 



45 9. The article of claim 8 wherein: 



said shape of said apertures in said first array 
and said second array is teardrop; 
said first region comprises a circular section 
having a diameter of about 500 microns; and 
said second region comprises a circular section 
having a diameter of about 126 microns. 

10. Thearticleof claiml furthercomprislng a frame that 
receiv s said plat arrangement and establishes 
and maintains the mutually parallel relationship b - 
tween said plates, wherein at least one of said 
plates is slideable within said frame. 
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11. The article of claim 1 wherein a front plate of .said 
mutually parall I plates comprising said plate ar- 
rangement has an angl d surface. 

12. Th article of claim 1 wherein said plate array com- 5 
prises three mutually parallel plates. 

13. The article of claim 1 further comprising a plurality 
of bare optical fibers, wherein one bare optical fiber 

of said plurality of same is disposed within each ad- w 
justable-size aperture. 
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